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Introduction
were chosen due to comprehensive date coverage and their use in related meta analyses Interventions (Higgins & Green, 2011) . 174 We extracted only composite scores from questionnaires with subscales, and where two 175 or more variations of mindfulness intervention were delivered, effect size was calculated as the 176 mean response of intervention groups combined compared to the control/comparison group 177 mean.
178

Synthesis of Results
179
There were limited studies on the population of interest. Moreover, few shared similar There were 235 runners across the seven studies ranging in standard from recreational to 192 USA collegiate division 1 with an average age of 34 years. Six studies evaluated the effects of a mindfulness intervention. Of those, three were RCTs, two were non-randomized control trials 194 and one was a cohort/before-after study. One RCT available in conference abstract form only, 195 reported no data and was not considered in the synthesis of results. One of the non-randomized 196 control trials, using a waiting-list group as a comparison, subsequently pooled data from the first 197 group to receive the intervention and the waiting-list group after they had received the 198 intervention, and so became a simple cohort study (De Petrillo et al., 2009) . The cohort/before-199 after study of Thompson et al. (2011) included archers and golfers in addition to runners. Only 200 outcomes that were reported for runners separately were used. There was one observational study 201 using correlational analysis. Studies meeting inclusion criteria are summarized in table 1. The two included RCTs (Solberg et al., 1995; Solberg et al., 2000) did not conceal group 205 allocation, and failed to blind participants, therapists and researchers to the allocation. Moreover, 206 Solberg et al. (1995) also failed to adjust for difference at baseline in the subsequent analysis.
202
207
The remaining non-randomized control trials (De Petrillo et al., 2009; Pineau, 2014) , cohort 208 study (Thompson et al., 2011) and observational study (Hanneman, 2013) all had high risk of 209 bias from non-random allocation, and lack of control for other confounds (see table 2). (2009) and waiting-list control group, but reported no descriptive or inferential data for this. Post-217 workshop data for the initial intervention group and for the waiting-list group after they had 218 completed the intervention were subsequently pooled by these authors and analysis was 219 performed on the pre-post change in the pooled sample. There was a large increase in state 220 mindfulness but only a small and non-significant increase in trait mindfulness. Thompson et al. 221 (2011) did not report changes in mindfulness in runners separately from archers and golfers. The table 4 ). Though scoring well on the quality assessment tool, the RCT 230 did not specify allocation procedures, did not blind participants or researchers to the allocation, 231 had evidence of baseline differences between groups and did not attempt to power the study for a 232 predetermined effect size. These sources of bias should be considered when interpreting the 233 small-to-moderate reductions observed in the intervention group compared to the two types of 234 control. The non-randomized control trial reported a small increase in state anxiety in Effects ranged from very small to large for improvements in state mindfulness; small/moderate 286 for reductions in anxiety and none/small/moderate for improvements in running performance.
210
287
For all outcomes, the high risks of bias reduce confidence in interpretations of benefit. Our 288 review also found some preliminary evidence for positive effects of mindfulness on immune 289 function and reduced perception of effort, the latter arising from a simple observational study.
290
Changes in Mindfulness 291
The limited evidence specific to distance runners suggests limited effects of mindfulness 292 practice on mindfulness skill. Two intervention studies attempted to measure mindfulness as an 
A SYSTEMATIC REVIEW OF MINDFULNESS AND LONG-DISTANCE RUNNING Articles excluded after scrutiny (n = 81) Intervention not mindfulness or acceptance (n=12) Not runners (n=60) No description of control/comparison (n=9) 
